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The single electron transistor (SET) is a promising component in future nanodevice-constructed computers, where the electrons inside the device repels the electron from the source electrode with the result of Coulomb blockade and single electron switching due to quantum size constriction in various devices such as lithographically defined semiconducting quantum dots (QDs) [1, 2] , single molecules [3] [4] [5] , or metal nanoparticles [6] [7] [8] . By tuning the gate, the chemical potential of the dot will be modulated continuously, and these discrete energy levels will emerge one by one, showing coulomb oscillation. The silicon-based SETs have attracted intense attention due to their compatibility to modern semiconductor processing and lower spin relaxation rate due to their weak spin-orbit coupling and zero nuclear spin.
Single-shot readout of an electron spin in silicon is first performed experimentally in a device consisting of implanted phosphorus donors coupled to a metal-oxide-semiconductor single-electron transistor, with a spin lifetime of ∼6 s at a magnetic field of 1.5 tesla [9] .
The charging energy E c is one of its central parameters in seeking the room-temperature working SET, which is normally determined by the dot size in given materials. The early value is around 1.5 meV for a large single-electron quantum dot lithographically defined in two-dimensional electron gas [10] . It later evolves to 6 meV due to smaller dimension and advanced fabrication techniques [11] .
The bottom-up synthesis of solution-processable Si QDs has made great progress in recent years. The mean size of solution-processable Si QDs can now be routinely tuned from ∼10 to ∼2 nm [12] [13] [14] [15] [16] [17] . Thus, Si QDs that are small enough to be called Si 4 clusters may exist in an ensemble of solution-processable Si QDs with a small mean size. On the other hand, the break-junction technique [18, 19] has been well developed with the result of a reliable solution-compatible single molecular device technique [20] .
These shed light on the advanced SET devices based on the solution-processable Si clusters.
In this Letter, we report the successful fabrication of the nanodevices with individual Si QDs. The trans-port measurements give typical SET behavior of the Coulomb blockade and oscillations. Its charging energy reaches over 300 meV, indicating a very large Ec and possible room-temperature working. Its Zeeman effect is also studied. The captured QD is determined to be a Si 170±15 cluster. This is the smallest Si SET device based on atomic clusters, to our best knowledge.
The atomic cluster is a very small QD captured from the toluene solution of Si QDs prepared in a nonthermal plasma and subsequently hydrosilylated with 1-octene [13] . In order to measure this ultra-small Si QD, we utilize electromigration [18] to form a three-terminal transistor. Firstly, e-beam lithography is used to pattern a 70-nm-wide electrode, and Au is deposited by EBE [19] . All of these narrow Au electrodes are located on a 30-nm-thick local silicon dioxide layer as back gates. After the toluene solution of Si QDs is dropped on the wafer and dries out, the device is cooled down to liquid helium temperature in a superconducting magnet system from cryomagnetics. Using a Keithley 6430 source meter, we perform electromigration to make the break junctions for a gold electrode. The atomic force microscopic (AFM)
image is taken by the Cypher from Oxford instrument. Please note that Si QDs are nearly spherical [21] , allowing the estimation of the atomic quantity by the diameter. There are some ultrafine QDs with the diameters of even smaller than 2 nm, which is reasonable due to some inhomogeneity of the QD synthesis. What we captured in this work is such an atomic scale Si cluster.
We utilize the electromigration technique to form the break junction. We apply a small voltage to the e-beam lithographically defined 70-nm-wide Au wire electrode ( Fig. 1(d) ), which has been immersed in the toluene solution with Si QDs beforehand.
The applied voltage will drive the electromigration of the gold atoms near some weak point on the Au nanowire and finally break the wire with a nanosized gap.
Simultaneously the Si QD will fall in the gap with the result of a three-terminal junction. The feedback-controlled breaking process [22, 23] is shown in Fig. 1(e) , where in a typical turn we increase the bias voltage until the current drops, then decrease the voltage back to 0.1 V immediately and increase again. Finally after the resistance is more than about 1 MΩ [24] , a 1~2-nm-wide gap is believed to be formed [3, 19] . Figure   1 (f) shows the morphology feature taken by an atomic force microscope (AFM) after the measurement. It is not very clear due to the residual solution while we can still see the captured Si QD with enhanced contrast. Reason-ably, the assumed narrow gap is found to be broadened to several nanometers because of high mobility of gold atoms 6 under room-temperature exposure [25] .
Due to the large resistance, we carry out the dc I-V [26] measurements using a Keithley 2450 source meter to provide gate voltage and a Keithley 6430 source meter to provide bias voltage and measure bias current [27] . We then calculate the numerical differential conductance. We perform the detailed spectroscopic measurements of the single Si QD at T= Then differential conductance dI / dV sd is plot versus g and sd as shown in Fig. 2(c) . It must be noted that the degeneracy point moves a little along g at different temperatures. The QD is found to be weakly coupled [28, 29] to the gold electrodes since the differential conductance peak is very small but still distinguishable. There is a brighter line parallel to the coulomb edge, indicating a nearby excited state at about 10 mV under degeneracy point. However, the line becomes invisible when applying positive bias voltages. The spectroscopic asymmetry originates from the asymmetry of the left and right tunneling barriers [30] and such asymmetric electronic coupling 7 quite commonly appears in break junctions [31, 32] . The degeneracy point separates two regimes with different electron numbers. The switching ratio is well over 10. This confirms the formation of the Si QD SET with a large E c in our experiment.
The size of the QDs can be more precisely determined by analyzing Fig 2(c) .
According to the position of the excited state or the slopes of two coulomb edges, we can derive that the coupling parameter α between Si QD and SiO 2 back gate layer is about 0.02, indicating that a very weak coupling between them. In our device, an unexpected phenomenon is that energy spacing is out of modulation range as shown gives the E c of 56meV [16] and Another 10nm-diameter Si QD gives the E c of 11meV [17] . Fitting the previous data by using the charging energy of about 300meV, we can determine that an ultra-small silicon dot of 1.8±0.1nm diameter is located in the electromigration-formed gap, which results in the SET devices. Estimating from the crystalline structure of bulk silicon, we are convinced that the measured device contains a silicon atomic cluster with 170±15 atoms. The very small size of the atomic cluster allows the possible room-temperature working of the Si SET devices.
The Zeeman effect can be induced and measured in the SET devices when we 8 apply a perpendicular magnetic field from 8T to -4T as shown in Figure 3 (a)~(d). The degeneracy point shifts a little as the magnetic field changes. This is known as "global shift" and common in semiconducting QD differential conductance measurement [33] .
It is to be noted in the data that the linewidth of the two coulomb edges on the right side of degeneracy point decrease monotonously as the magnetic field decrease from 8T to -4T [34] . Here we take the conductance data of one edge on the upper-right side of degeneracy point to statistically obtain the change of the linewidth. We shift bias As a perspective, the study on the atomic Si clusters may introduce a new spectroscopy method in the cluster sciences. As long known, the cluster science communities rely on the photoemission spectroscopy to study the electronic structures of the atomic cluster [35] [36] [37] [38] , which finally gives the atomic structures of the clusters by fitting the data using the first principal calculations. It suffers from low resolution of around 0.1eV due to uncontrolled cluster movements during the measurements. The SET study of the atomic cluster may resolve the electronic states of the atomic 9 clusters in a meV-order resolution and some vibrational modes, which therefore allows in-depth insight of the atomic cluster studies. The Zeeman effect study on different energy levels also allows detailed understanding of the electronic interactions.
In summary, using the electromigration break junction, we have demonstrated a 170±15-atom silicon cluster based SET under weak-coupling condition. The large charging energy may forebode a robust stability of working performance under room temperature. This paves the application of the Si SET in future nanodevice computers.
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